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cauliflower which are much more susceptible and in which the disease oc- 
curs in a very much severer form. Its lull life history in all of its rela- 
tions has not been worked out until this year. (In this connection see foot 
cote t on P a K B !3.) 

HOW THE DISEASE GAINS AN ENTRANCE INTO THE HOST PLANT. 

We have already noted that the disease makes its first appearance gen- 
erally on the edges of the leaves. Occasionally the first point of invasion 
seems to be in direct connection with insect wounds. Where the plant 
membranes are ruptured the conditions are such as to permit an easy en- 
trance, but close inspection will fail to reveal any such wounds on the 
edges of the leaves. Neither does the germ find its way into the plant 
through the root system. In badly diseased plants, the roots may show 
black spots in cross section but in such cases it has worked its way down 
from the stem of the plant. How then does the germ find its way into 
the leaf ? 

If we examine jthe diseased spots in an early stage it will be noted that 
the malady begins at the blunt teeth on the margin of the leaf and. from 
here spreads down the leaf by way of the fine veinlets. A microscopi- 
cal examination of the leaf at this point shows tiny permanent openings. 
called water pares. Through these openings the water that comes from 
the root system escapes in part. Ordinarily it passes off in the form of 
vapor, but if the air is humid, the exuded water collects In tiny droplets at 
the mouths of these water pores. 

These water beads are especially frequent in the morning, and by most 
people are supposed to be dew. In the chilly nights of early autumn the 
conditions especially favor their formation as a lowering of the temperature 
causes the air to become more nearly saturated with moisture. If the 
ground is deficient in moisture these water beads may not be formed even 
though atmospheric conditions are favorable. 

During such times the disease germs that are being blown about the 
field by the wind are caught in these drops. In these they are able to de- 
velop and as they are actively motile, they work their way into the plant 
through these uninjured water pores. Not only is this theory of their 
entrance a plausible one from the appearance of the disease in the fields 
but the same has been demonstrated as a result of the artificial inocula- 
tion of these water beads and subsequent contraction of the disease at 
these infected points. It is for this reason that the disease makes faster 
headway in wet than in dry seasons. 
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INFLUENCE OF CLIMATE ON THE DISEASE. 

In some sections of country where cabbage is raised on the same ground 
year after year the disease varies much in intensity. In Wisconsin the sea- 
son of '96. was extremely severe while the losses in '97 were relatively small. 
The reason for this is that climatic conditions exert a profound effect upon 
the susceptibility of the host or rather the ease with which the disease 
germ penetrates the plant. 

As noted above, atmospheric conditions that favor the formation of 
water beads therefore have a direct influence on the severity of the disease. 

Then too the disease spreads more rapidly in vigorous, rapidly develop- 
ing plants than in those whose growth is retarded by insufficient supply of 
water, so that in seasons in which the rainfall is abundant the disease is 
likely to be more prevalent and more destructive than otherwise. 

DOES THE DISEASE GERM WINTER OVER IN THE FIELDS ? 

There can be no question but that the disease germ is distributed by 
means of the wind and possibly to some slight extent by insects. Another 
pertinent question is, how the virus of the disease is able to live over 
winter ? The cold of winter is popularly supposed to destroy most forms 
of germ life, but such is rarely the case. In nearly all instances bacterial 
growth is prevented by low temperatures but such do not effectually destroy 
these germs. Cultures of this organism kept frozen for considerable pe- 
riods, grew luxuriantly when thawed out and placed under favorable growth 
conditions. These organisms readily retain their vitality in the old diseased 
«tumps and rotten heads that are left in the fields, and in all probability 
.are able to live in the soil itself as the germ is able to thrive luxuriantly 
■outside of the living plant. 

TREATMENT OF THE DISEASE. 

A bacterial disease is difficult to treat successfully after it has once 
gained a foothold. A disease of this character usually develops internally, 
and unless recognized at the outset, it generally makes such headway as 
to render remedial measures futile. Not so with reference to means of pre- 
Tention. These can often be applied at such times as to prevent the dis- 
ease organism from gaining a foothold. This, however, can only be done 
after a thorough study of the disease organism has been made in its rela- 
tion to the host plant. 

The following restrictive measures are based upon a rational knowledge 
•of the disease organism and how it spreads. 

Destruction of the disease germ, — Just to the extent that disease tis- 
sue can be removed, just to that extent are the elements of contagion di- 
minished. Although sunlight as well as drying exert a powerful effect on 
the vitality of the organism, these agents cannot be relied upon for the de- 



specific organism. Where cabbage is planted on the same soil year after 
year, if climatic conditions favor the development of the trouble, the fields. 
frequently become badly infested with this particular organism, inasmuch 
as it is able to exist in the soil over winter. 

Control of conditions favoring infection.— While this disease is caused 
by the presence of a specific bacillus, the severity of its attack is very 
largely dependent upon external conditions, some of which are capable of 
being controlled in part. It seems very probable that the disease is some- 
times introduced into the plants by insect puncture when the seedlings are 
in the seed bed. If this should prove to be true, it ought to be a relatively 
simple matter to check such ravages where the area to be covered is so 
limited as in this case. 

Care should also be taken not to plant cabbage on very low soil where the 
soil moisture will produce too luxuriant a growth as well as too copious an 
exudation of water from the leaves. Where irrigation is practiced water 
should not be added to the soil when the atmospheric conditions are such 
as to prevent an escape of the moisture in the form of vapor. 

Checking development of disease after infection.— Inasmuch as B, 
campestrls* generally establishes itself in the plant through the water 
pores, and as considerable time elapses from the first evidences of the dis- 
ease until it has worked its way down into the main stem, it is possible to 
hold the disease in check in its early stages by a removal of the affected 
organs. One can readily determine whether the leaf is diseased or not by 
examining the eross section' of the stalk. If blackened near the union of 
leaf and stem even if small specks appear in the fibrous strands, the dis- 
ease organism has undoubtedly entered the stem of the plant. If such 
has happened, nothing can be done to further check its progress. Such 
plants should be pulled up and destroyed entirely. If thrown on the 
ground, the diseased tissues dry and the bacilli of the disease are then 
readily distributed by the winds. 

If close watch is kept for the early appearance of the disease, the re- 
moval of the affected leaves is a matter of small moment. 



affected leaves at intervals during the months of August and September,. 
the disease was held in subjection and a good crop secured while control 
fields were badly affected. 



DETAILED STUDIES ON THE FOREGOING D'-SEASE, 

The disease here described first came to the writer's attention in July, 
1893. It was found in Columbia county, Wis., in a small garden patch of 
■cabbage that was planted on rich low ground. The disease made its ap- 
pearance in the stalks of the lower leaves, causing a destructive rot but 
only affecting a few of the plants. An examination of the cross section 
of the leaves showed that the disease was distributed by means of 
the fibrous strands that course through the leaf stalk and branch off 
into the smaller veins of the leaf blade. A preliminary examination 
showed the affected tissues to be swarming with bacteria and from 
the general character of the disease in the plant, the inference was 
made that it was due to the inroads of a bacterial parasite. By means 
of culture methods two predominant forms were separated from the dis- 
eased tissue. The attempt was then made to artificially infect healthy 
growing cabbages by inoculating them with cultures of these two organ- 
isms, also by introducing bits of diseased tissue into the healthy plants 
but as the cabbage plants used for these experiments were old, infection 
did not readily occur. In a number of instances infection experiments 
succeeded to a certain extent with a pure culture of one organism and 
' also with bits of diseased tissue, but the development of the disease was 
only slight and did not fully accord with the original affection, The black- 
ening of the fibro-vascular bundles was, however, produced, and in this 
important particular the artificial infection corresponded with the natural 
. appearance of the disease. 

With the view of determining its distribution, etc., a brief preliminary 
note* was presented in August at the meeting of the American Associa- 
tion for the Advancement of Science. 

The only reference that was found in regard to a bacteriosis of cabbage 
that in-any way agreed with this disease was a brief note by Garmanf in 1880. 
In his disease the cabbage heads often rotted on the inside. He makes, how- 
ever, no mention of the earlier affection in the fibro-vascular strands. By 
means of cultures, he isolated two organisms, one of which was in all prob- 
ability the real cause of the disease, but infection experiments with cultures 
of these were indecisive. Pammel undoubtedly first discovered the organ- 
ism causing this disease in 1892, but he did not associate it in any way with 
the present malady we are considering in cabbage. A discussion of his 
■results will be taken up again under the description of the organism. Cor- 



valuable information upon this subject. The trouble was first noticed in 1890, 
when a single field of cabbage developed this peculiar rot. The nest year 
it disappeared and nothing further was noted until 1893, when it reap- 
peared, two or three acres being destroyed. The area of the disease 
became gradually enlarged until in 1895, nearly one-half the acreage 
planted was more or less severely affected. Last season (1S9G) the disease 
was likewise very destructive, many growers suffering a total loss. The 
estimate for the two counties was placed at from 50,000 to 60,000 dol- 
lars. The disease was most severe near the lake shore, but it appeared in 
several places that had not previously been affected, This year the disease 
made its appearance somewhat later than usual, the first evidence of it 
developing in late cabbage as late as the latter part of August. The 
prolonged drought this fall has retarded its spread materially and the leading, 
growers estimate the damage may be from 5 to 25 per cent, of the crop. 
An examination of the affected district shows that the disease is as widely 
spread as ever but has been held in subjection by the unfavorable climatic 
conditions. 



The cause of the disease has been a subject of much conjecture among 
the growers in this district. There is a strong prevailing idea that it is as- 
sociated with the seed used. Previous experience seemed to indicate that 
cabbage grown from imported seed was less likely to be attacked than that 
coming from domestic seed. This notion could not be confirmed last year; 
in fact the disease was much less severe in the home grown stock than in 
the imported seed. New land seems to be affected quite as readily as old 
fields: tile-drained as much as surface -drained land. It is, however, no- 
ticeable that the trouble is more severe in low wet land than on fields con- 
taining less soil water. The fields are necessarily heavily manured as the 
crop rapidly exhausts the fertility of the soil. In most cases the manure 
comes from the Chicago stock yards. According to the experience of the 
growers, fields "fertilized with fresh manure are more subject to the dis- 
ease than where old manure is used. 

It is evident from the history of the development of the disease in this 
section that the trouble is one of recent introduction and that the cause is 
generally unknown. 
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GEOGRAPHICAL DISTRIBUTION OF THE DISEASE. 

Geographically considered, this disease is undoubtedly wide spread. Gar- 
man first observed it in Kentucky in 1889, and he informed the writer in 1895 
that " this, or a similar malady is very destructive in the southern states.* ' 
Chicago commission men say that the disease is widely distributed through- 
out the north-west. Cabbage received from Clyde, O., Three Oaks, De- 
troit and Saginaw, Mich., were affected with it. It was also reported last 
season in Wisconsin from several different localities. 

Prof. Pammel reports it from Ames, Iowa, and in the East, especially 
New York, it has proven a serious pest. Through Prof. P. C. Stewart* of 
the New York State Experimental Station, I learn of its wide distribution 
in that state. On Long Island considerable cabbage is grown for seed. 
Extensive losses are occasioned there by the development of the disease in 
plants held over the winter for seed. The cabbage and cauliflower market 
gardens of Rochester, Geneva and the western part of that state have also 
been afflicted with it. Prof. Jones of the Vermont Station testifies to its 
abundance in that state. 

The above notes indicate its wide distribution. It would seem strange 
that in a disease so widely spread so little attention should be paid to the 
cause of the malady, but aside from Garman's brief note and the prelimin- 
ary paper presented to the Amer. Assn. for Adv. of Science by the author, 
no reference has hitherto been made to its presence in cabbage. | 

DESCRIPTION OF ORGANISM PRODUCING THE DISEASE {BacillU8 CampestriS, 

Pammel). 

Although this organism has not heretofore been connected with the 
cabbage and cauliflower rot, it is without doubt identical with that 
described by Pammel in 1895 as Bacillus eam2>estris, the cause of the 
rutabaga rot. J 

Pammel 's description of his organism is however too brief to enable close 
comparisons to be drawn. As to its pathogenic nature, he only mentions 
it in connection with rutabagas and turnips, making no reference to its 
action on other species of the genus Brassica. He also distinctly states 

*I wish especially to acknowledge my indebtedness to Prof. Stewart who has so 
kindly placed at my disposal the data he has collected in New York pertaining to the 
disease. 

t Since this work was practically completed there has appeared in the Centralblatt fur 
Bacteriologie, Band 3:284, 403, 478 (1897), an article by Dr. E. F. Smith, entitled 
" Pseudomonas campestris (Pammel), the cause of brown rot in cruciferous plants." 
This work was begun subsequent to our own and with the full knowledge that we were 
engaged in working on this disease, but the publication of Dr. Smith's paper antedates 
the appearance of this bulletin which has been delayed for nearly five months in passing 
through the press by circumstances over which the writer had no control. The practi- 
cal unanimity in all essential particulars in these respective papers strengthens the 
views advanced. 

t Bui. 27, la. Agrl. Expt. Sta., pp. 130-134. (1895.) . — ;.± 
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that it does not liquefy gelatin, a characteristic that does not agree withn 
our studies of the organism causing the cabbage rot. When grown 01* 
strongly acid gelatin, the liquefying power of the organism is greatly di- 
minished, so that liquefaction does not occur for a considerable period. 
This probably accounts for Pammel's statement. Although attempts, 
were made to secure from Prof. Pammel microscopic slides or cultures of his 
rutabaga organism, I was unable to obtain these for further comparison. 
The relation of the rutabaga organism to the cabbage disease evidently was- 
not perceived by Prof. Pammel until long after his work on the rutabaga rot 
was done, for he wrote me in Nov. 1896 in answer to inquiries that the cab- 
bage and cauliflower disease referred to had been observed by him at Ames,. 
Iowa, "but he had not worked it up." The description as given by him. 
in the above paper is so meagre that it has been thought best to detail 
rather fully the morphological, physiological and culture characters, in- 
order that further confusion may be obviated. The following description 
submitted, has for the most part, been prepared under my direction by 
Mr. H. A. Harding, now Research Fellow in this department. 

v ByH. A. Harding. 

In determining physiological and culture characters, the temperature at: 
which the organism is grown, the age of the culture, and the length of 
time it has been cultivated under artificial conditions, are all factors that 
must be taken into account, as a variation in these conditions frequently 
exert a profund influence on the character of the culture. 

If our experments for the past year or more can be relied upon, the 
vitality of the organism is decreased by long cultivation as is shown by its 
lessened resistance to heat and dessication and by its slower rate of lique- 
faction of gelatin. However, the pathogenicity of the organism at the end, 
of eight months was fully equal to that of a freshly isolated germ. 




a * 



Fig. 3. —Microscopic appearance of B. cam- Fig. 4.— Microscopic appearance of B. cam- 
pestris, homogeneously stained with pestri&> stained with carbol-f uchsin . 

Lioeffler's methylen blue. (Leitz, obj. Note the somewhat thicker appearance- 

one-sixteenth inch, 4 ocular.) of cell and distribution of stain in. 

spots, as compared with fig. 3. 

MORPHOLOGY. 

A morphological examination can best be made from a neutral agar slope- 
grown at 25-30° C. The disease germ is a short bacillus of somewhat va- 
riable size, ranging from 1-2// long by 0.4-0.6// broad with slightly- 
rounded ends. The cells are usually isolated but when growth is rapid,, 
short chains consisting of two to eight segments are common (Fig. 5),. 
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3.'An outer zone forming an area that is either homogeneous or very 
finely granular. Although these zones vary in width they are usually 
quite sharply defined, especially in the younger colonies. In old cultures 
crystals often appear imbedded in the growth mass. Deep colonies are 
lenticular or irregular, varying from y% to % mm. in diameter. They are 
usually darker in color, quite granular, and show a tendency to form con- 
centric rings. 



Fig. B.— Gelatine tube cultures of B. cnmpestria . B. 10 day old culture. P, pit formed 
in liquefied «alatin by evaporation of tolatile product*; L.C!., liquefied, gelatin reu- 

A, later stag© of same culture (l mo. old), upper portion of gelatin entirely liquefied. 

Agar streak cultures show a very characteristic appearance; they grow 
luxuriantly, appearing as a faint yellow streak in about two or three days 
at about 26° C. At first the growth is elevated but later extends laterally, 
having a somewhat irregular border, the color gradually assuming in old 
cultures a. rich golden yellow, and at the same time becoming more trans- 
lucent. In cultures two or three months old, numerous crystals are formed 
in the matrix of the growth mass. Old cultures are frequently covered 
with small papillas that are formed by secondary colonies developing in 
contact with the above crystals on the surface of the former growth. 

Gelatin UO per cent, neutral peptone). In plate cultures the organ- 
ism grows slowly at ordinary room temperature — (16-22° C), colonies ap- 
pearing in the course of several days. Surface colonies attain a size of 



iiau previously ubou uiieuitni wiui a uauientu culture, id many cases me 
precaution was taken to disinfect the surface of the plant by chemical 
agents and the wound made by the injection needle sealed with sterile wax. 
Prom the artificially infected plant, diseased tissue was removed and from 
this the same specific organism was always found. 



Fro. 8.— Showing effect of artificial inoculation of S. ciranetCf" into cabbage plants. 
Nob. 1 and £ inoculated aii weeks previous. No. 3. chock plant uninocolated grown 
under same conditions. The dwarfing effect of the disease is particularly aotUMblB 
in this set. No.1 was inoculated on (eft aula, and the diseaM was much severer than 
on the other side. No. 2 was practically killed by the disease. 

With, but a single exception, every one of these artificial inoculations in 
cabbage and cauliflower succeeded. The introduction of the disease germ 
was followed in due course of time by the appearance of the disease, espe- 
cially in the fibro-vascular bundles. It progressed rapidly toward the apex 
of the leaf but also worked its way backward into the main stem although 

The greenhouse experiments as well as most of the field trials that are detailed below 
were made at theflorticiiltural department of the Station. In this connection. I wish 
to acknowledge mr obligation to Professor Goff who has so kindly placed at my disposal 
the necessary facilities for this part of the investigation ; and to Mr. Fred Cranefield of 
the Horticultural Department, who with my assistant, Mr. Harding, have materially 
aided me In the details connected with the field and green house work. 



is lountl in cabbage Held id storage during tne winter. Unly a single bun- 
dle system may show the disease in the stem and yet this is often sufficient 
to render the whole head worthless. The bacteria work their way up the 
affef.ted leaf stem, spreading out into the thin leaf blade that is enfolded 
in the head and which is necessarily in close contact with other leaves 
that make up the head. This single affected leaf undergoes finally com- 
plete disintegration turning into a blackened mushy mass. At this stage,. 
if the heads are cut open vertically, the course of the disease can be readily 
traced as in Pig. 2. 

The exterior of the head often preserves its appearance unchanged while 
the inner part is completely rotten. 

Other host plants. — While we have succeeded in producing the disease 
to a slight extent in turnips and rutabagas by artificial inoculation, so far 
only a very few cases of this disease in these plants have come under our 
observation. While it is possible to infect these plants, the scant growth. 
of the parasite in these tissues shows that they are naturally quite im- 
mune. This immunity can doubtless be overcome if certain climatic con- 
ditions should prevail. Pamtnel speaks ot the prevalence of his rutabaga. 
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Holland or Danish varieties. Both these flat, firm headed varieties are 
readily susceptible to it even where imported seed is used. 

The red or purple cabbage also contracts the disease with ease; likewise 
the u fielder kraut " used in the manufacture of sauer kraut. The early 
maturing varieties such as the early Winnigstadt and early Wakefield suc- 
cumbed to infection in the Racine fields this year, although the inception of 
disease was later than with the flat Dutch. In all probability, there is but 
little difference in susceptibility, all varieties readily yielding to the dis- 
ease, if the causal organism is once present. 

POINTS OF ENTRANCE OF THE DISEASE INTO THE HOST PLANT. 

It is very important that the exact method by which the disease organism 
gains an entrance to the plant be determined, for a rational means of pre- 
venting the disease can only be formulated when the source of the disease 
organism is determined, also its manner of distribution and the way in 
which the specific organism gains a foothold in the susceptible tissues of 
the plant. Before discussing these points, it will be necessary to consider 
certain points relating to the anatomy of the leaf. 

Anatomy of leaf as related to this disease, — If a healthy cabbage 
or cauliflower leaf is examined, especially a young, rapidly growing organ, 
there will be observed along the roughened margin of the leaf blade, a 
number of small, blunt protuberances. An examination of these with 
reference to the veins of the leaf will show that each one of these projec- 
tions is situated at the termination of a fine veinlet and therefore stands 
in direct relation to the fibro-vascular strands that make up the veins and 
ribs of the leaf. A microscopical examination of the edge of the leaf shows 
that at the apex of these points, there are situated peculiar openings in 
the epidermis known as " water pores." The function of these structures 
is to assist in regulating the amount of water in the tissues. The water 
used by the plant comes from the soil, and by means of root pressure is 
forced through the fibro-vascular strands to the leaves. In this supply 
of water is dissolved mineral salts and other substances. Evaporation of 
the water from the leaf is constantly taking place, and this deficiency is 
made up by the ascending stream of water known as the transpiration 
current. Most of this water passes out through the numerous breathing 
pores that cover the surface of the leaf, but a considerable part also es- 
capes from the fibro-vascular bundles through these water pores. 

Conditions necessary to the formation of water beads. — Under 
ordinary atmospheric conditions, this water escapes in the form of vapor 
but if the relative humidity of the air is much increased, evaporation is 
lessened and the water collects in the form of droplets on the tips of these 
teeth. 

This happens especially in late summer when the nights are cool and 
the air therefore more fully saturated. Under these conditions, if there is 
an abundant supply of moisture in the ground to induce copious root 
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puncture, although the insect that thus distributes the contagion has not 
been observed by the writer. 

Can bacteria penetrate uninjured membranes ? — Under natural 
conditions the inception of the disease can usually be traced to a marginal 
infection of the leaf or to some insect wound. But the question arises as- 
to the possibility of introducing organisms through the uninjured plant 
membranes, particularly through the breathing pores of the leaf. Clin- 
ically we have failed to find an infected leaf that could not be accounted, 
for on some other hypothesis. 

Numerous attempts were made to artificially infect young cauliflower 
and cabbage by spraying them with cultures of B. campestris but these 
invariably failed, unless the surface of the leaf was scratched very lightly, 
in which case the disease was easily transmitted. 

An interesting case should also be mentioned in this connection. In the 
greenhouse experiments, one of the artificially infected plants was placed 
accidently in such a position as to bring a diseased leaf in contact with the 
leaves of a healthy check plant. Soon the healthy leaf showed signs of 
the disease at point of contact and the disease gradually spread from this- 
region until the whole leaf became diseased. Transmission from leaf to 
leaf directly is also seen in the case of the cabbage head. If merely one 
leaf is affected and the disease works its way out into the blade, it will 
sooner or later spread from this to contiguous leaves in the head, as in 
Fig. 2. 

SOURCES OF INFECTION. 

The original source of the infection can only be conjectured. From all 
that can be learned in regard to the history of the disease, especially in the 
Racine district, the trouble is of recent introduction, although in other 
parts of the country it has been recognized for a number of years. 

While we are unable to throw any light on the original source of the- 
disease, a close study of field conditions affords several points of practical 
interest that bear on the source of infection as it recurs in the affected 
region. 

Uoiv does the disease organism live over winter f — In the first place 
B. campestris is unable to form endospores and therefore the organism is- 
much more readily affected than would be the case if the3e latent spore 
structures were present. Where fields are affected the causal organism 
abounds in large numbers. Often the same fields are planted to cabbage 
year after year, the old rotten stumps and such parts that resist decay 
being plowed under. Refuse leaves are often carted back on the fields to- 
be used as manure. Under such conditions it is easy to see how the soil 
of the field might contain a large number of the specific bacteria. Exper- 
imentally we have found that it is able to live in bacterial mixtures 
for some time, thereby indicating that under natural conditions it can* 
withstand such competition. 



growth of the plant which in turn allows the disease to spread more rap- 
idly in the affected tissues. 

Xhe following experiments were undertaken under both field and green 
house conditions that seem to explain the increased severity following wet 
weather. 

RELATION OF IRRIGATION TO DEVELOPMENT OP DISEASE. 

Greenhoune experiments. — Rapidly growing cabbage plants were 
potted and then placed in large boxes filled with sand so that they could 
be kept copiously supplied with water while others were left as checks 
under more normal conditions. A number of plants of each set were then 
infected artificially on April 20, 1896, with a culture of B. campertrie. 

A marked difference very soon appeared in the condition of the over- 
watered lot compared with those receiving an ordinary supply; the excess- 
ively Watered plants all showed an exceedingly luxuriant growth, while the 
moderately watered lot were thrifty but not nearly as large. Coupled with 
this difference in growth was also a marked difference in the spread of the 
disease. In the over-watered plants the disease made rapid headway in spite 
of the more vigorous growth, working its way down the leaf originally in- 
oculated, into and up the main stem, so that the entire plant was quite 
generally invaded. Fig. 13 shows the condition of these plants after a 
period of six week's incubation. 



Fig. 13.— Irrigated cabbages showing effect of artificial inoculation. Middle plan* 

and 3 inoculated [our 
elded manner of growth , 



(No. 2) ahowa an uninoculated check. Note Its rigorous appearance. Plants 1 
--■' " '- '■■••'' * weeks before with B. campeitrii. Note dwarfed and one 



The disease in the moderately watered plants made but; slight headway, 
only a few leaves in any case being affected. 

This experiment showed that the more rapid development of the disease 
was in no way coupled with an unhealthy state of the plant, as the checks 
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CHECKING DEVELOPMENT OF DISEASE ATFER INFECTION. 

Inasmuch [as B. campeatris generally establishes itself in the plant 
through the water pores, and as the period of incubation is considerable 
from the first inception of the disease until it has worked its way down 
into the main stem, it is possible to check the disease in its incipient 
stages by an early removal of the affected organ . The diseased tissue can 
be readily determined by examining the cross section of the leaf stalk. If 
blackened near the union of leaf and stem, the disease organism has 
already entered the main stem. When this is the case, nothing can be 
done to further check its progress. Such plants should be pulled up and 
destroyed. 

If the field is examined at an early date, and the presence of the disease 
determined, the removal of the affected leaves at this time is an easy matter. 
Such diseased plants and leaves should not be thrown on the ground, but 
must be carted away from the field and destroyed, so as to prevent further 

Such a method of treatment necessarily consumes some time, but a 
cheap band can do the work effectually. With a crop worth from $75 to 
J150 per acre considerable labor can well be expended if attended with any 
degree of success. . 

The amount of labor necessary to carry out this restrictive measure will 
vary with the intensity of the disease, but a in an could easily cover several 
acres a day. 

The following field notes are submitted as showing the effectiveness of 
this method of treatment. 

On the Horticultural grounds at the University, cauliflower was planted 
on soil that had borne a similar crop the previous year, and one which was 
somewhat affected with the rot. This field was allowed to develop in the 
usual manner until September of this year. By the first of the month, 
the patch began to show evidence that the disease was pretty generally 
distributed. At this date it was divided into four sections and from alter- 
nate sections the attempt was made to stop the disease by removing the 
affected leaves. The other two sections were left under natural conditions 
and no attempt was made to check the spread of the malady. The result 
of this experiment was that the disease was held completely in check. 
Several plants became infectsd subsequent to the removal of the diseased 
leaves, but by removing all of these later the further progress of the disease 
was brought to a standstill. 

The continued spread of the disease in the uncontrolled sections showed 
that the disease organism was being thoroughly distributed and therefore 
the failure to spread was not due to absence of disease virus. 

Another experiment was also carried out on a larger scale under commer- 
cial conditions. A field of about three acres of cabbage near Berryville, 
Wis., was noted that had been planted on new ground that bad never had 



suggestion, the owner decided to remove all diseased leaves and'badly af- 
fected plants in order to see whether the progress of the trouble might not 
be retarded. The result of this was that the repressive measures used kept 
the disease well in check. The patch was only fifteen rods distant from an- 
other field that was very severely affected, and of course the seeds of the 
disease were continually being distributed by means of the wind. The dis- 
ease made but stow headway as the season was unusually dry. Yet under 
the same atmospheric and soil conditions, in another large patch in which 
□o repressive measures were attempted the disease developed severely. 



